Electroacupuncture stimulation using different frequencies (10 and 100 Hz) changes the energy metabolism in induced hyperglycemic rats 1 Eletroacupuntura usando diferentes freqüências (10 e 100 Hz) altera o metabolismo energético em ratos hiperglicêmicos induzidos 
Introduction
Electroacupuncture (EAc) is a form of treatment where small electrical currents are applied to needles previously inserted in the body and appears to have more consistently reproducible results in many specific clinical and research settings [1] [2] [3] . EAc at Zusanli (ST-36) or Zhongwan (CV-12) acupoints have been widely used to relieve symptoms of diabetes mellitus in Traditional Chinese Medicine. Eventual release of beta-endorphins from the adrenal gland to lower plasma glucose has been demonstrated by EAc at the Zhongwan acupoint in rats 4 . Plasma glucose lowering effect of 15 Hz EAc using bilateral Zusanli acupoints have been demonstrated in rats. Enhanced insulin sensitivity was also demonstrated by the same researchers 5 . EAc effectiveness is not only dependent on stimulation intensity but also dependent on its frequency. Due to different excitation threshold and refractory period of different types of afferent fibers, high intensity excitation (5.0 mA) with low frequency (5.0 Hz) EAc for excitation of the small (A-ß and C-group) fiber afferent can produce best analgesic effect, On the other hand, only excitation of the large (A-ß group) fiber afferent with EAc with low intensity (0.5 mA) and high frequency (50 Hz) EAc also can produce better analgesic effect 6 . All three types of opioid receptors (the mu, delta and kappa receptors) in the spinal cord of the rat play important roles in pain relieving when electrically stimulated 7, 8 . Recent study has verified that in fed Sprague-Dawley rats, ketamine (100 mg/kg)/xylazine (10 mg/kg) produced acute hyperglycemia within 20 min. The hyperglycemic effect in fed rats was associated with decreased plasma levels of insulin, adrenocorticotropic hormone, and corticosterone and increased levels of glucagon and growth hormone 9 . The question raised here is if a single EAc application in ketamine/xylazine induced hyperglycemia in anesthetized rats can change blood and tissue metabolic parameters. Therefore we are aimed at assaying the glycemia and lactate contents in the blood, liver and kidney in healthy adult rats following a single acupuncture session, using the same excitatory intensity (10mA) and different frequencies (10 and 100 Hz). 
Methods

Approval
Equipament and materials
EAc stimulation was delivered by an electrical stimulator EL-608 (NKL Electronic Products, Brusque, Santa Catarina, Brazil). A pulsed electrical stimulation (asymmetric balanced, rectangular shape, 10 and 100 Hz frequency, 10 mA intensity with automatic timing was used in the experiment. For puncture, sterile needles 0.25 mm diameter and 30 mm length (Hwato brand, Suzhou Medical appliance factory, China) were used.
Animal preparation
Male Wistar rats weighing 255-400g, provided by the Faculty of Medicine Small Animals Breeding Facility (Federal University of Ceara) were kept under controlled environmental conditions (24°C _relative humidity 40%-60%, 12-hour alternate light-dark cycles, food and water ad libitum). The equivalent of the human right ST-36 and CV-12 acupoints were chosen for needling and electrical stimulation. The acupoint nomenclature used follows WHO nomenclature 10 . ST-36 acupoint is located 5mm below the head of the fibula under the knee joint, and 2mm lateral to the anterior tubercle of the tibia. Puncture of ST-36 acupoint stimulates the lateral sural cutaneous nerve, the cutaneous branch of the saphenous nerve, and deeper, the deep peroneal nerve 11, 12 . CV-12 acupoint is located in the anterior midline of the upper abdomen, 20 mm below the sternal synchondrosis. This region is innervated by the anterior cutaneous branch of the 8 th. intercostal nerve 12 .
Acta Cirúrgica Brasileira -Vol. 26 (Suppl. 1) 2011 -49
Electroacupuncture stimulation using different frequencies (10 and 100 Hz) changes the energy metabolism in induced hyperglycemic rats
Experimental groups
All animals were anesthetized intraperitoneally with a fresh-prepared mixture of ketamine (90mg kg -1 body weight) and xylazine (10mg kg -1 body weight). Rats were randomly assigned to 3 equal groups (n = 12): G1 (anesthesia only); G2, treated with 10Hz EAc at ST26 and CV12; and G3, treated with 100Hz-EAc at ST36 and CV12. Sterilized disposable stainless steel needles (0.25 mm × 30 mm) were inserted perpendicularly as deep as 2-3 mm at right ST36 and CV12 acupoints in G2 and G3 rats after routine skin disinfection with 75% ethanol. Electrodes were connected to both needles and to the electro-stimulator (NKL EL-608); pulsed square waves (10 mA), 10 Hz (G2) and 100 Hz (G3), were applied for 30 minutes. (Figure 2 ) Arterial blood (3.0 ml) from the abdominal aorta ( Figure 3 ) and tissue samples (left liver lobe (Figure 4 ) and upper pole of right kidney ( Figure 5 ) were collected at the end of the EAc application (T30) and 30 minutes later (T60). Basal rats (G1) were anesthetized as described. After 30 minutes (T30) the first six animals underwent laparotomy for sample haversting, as described. Thirty minutes later the remaining six rats underwent the same procedures. 
Data analysis
Graphpad Prism 5.0 (GraphPad Software, San Diego California USA, www.graphpad.com) was used for statistical analysis and graphics design. All results were expressed as mean±SD. All data were tested for distribution using the Kolmorogov-Smirnov test with Dallal-Wilkinson-Lilliefor P value). One-way ANOVA followed by post hoc analysis (Tukey) was performed to determine differences among groups. A probability value of p<0.05 was considered to indicate statistical significance.
Results
No animal died during the experiment. Normal Wistar rats were successfully induced to develop hyperglycemia using ketamine/xylazine anesthesia. Additional anesthesia (50% of original dose) was applied to eight rats 45 minutes after the onset of the experiment (group Control, five rats and group EAc, three rats). No additional anesthesia was required in 28 animals. Mild muscle twitching was observed during 10 Hz EAc. Hind paw contraction occurred in all rats subjected to 100 Hz EAc treatment.
Effects of 10 and 100 Hz EAc
Blood glucose concentrations (mg/dl) decreased significantly (p<0.001) in Group 2 (EAc10Hz) and Group 3 (EAc100Hz) 30 and 60 minutes from the beginning of the experiment, compared with Basal Group. Blood lactate concentrations decreased significantly in G2 and G3 rats, at the end of electrical stimulation (T-30) with 10Hz and 100Hz. Blood lactate concentrations were not different in G2/G3 rats compared with G1 at the end of the study (T60). (Figure 6 ). 
Discussion
In the present study, the hypoglycemic potential of EAc was demonstrated in induced hyperglycemic rats. Hyperglicemia may be induced experimentally in normal rats with different cytotoxic glucose analogues. Alloxan is known for its selective pancreatic islet ß cell cytotoxicity and has been extensively used to induce a hyperglycemic state in animals 13 . Streptozotocin is a frequently used chemical to induce experimental diabetes in animals. The oxidative stress due to glucose overload may damage the pancreatic beta cells through oxidative stress and inflammation and may be a contributory factor in the pathogenesis of diabetes 14, 15 . Recent study has verified that in fed Sprague-Dawley rats, ketamine (100 mg/kg)/xylazine (10 mg/kg) produced acute hyperglycemia within 20 min. The hyperglycemic effect in fed rats was associated with decreased plasma levels of insulin, adrenocorticotropic hormone, and corticosterone and increased levels of glucagon and growth hormone 16 . In order to evaluate the known hypoglycemic activity of EAC we used to different frequencies, 10 and 100 Hz. Previous studies from Chang et al. 5 have demonstrated that the use of 15 Hz EAc using bilateral Zusanli acupoints decreases plasma glucose levels. This effect was demonstrated here using lower (10 Hz) and higher (100Hz) frequencies in a single application. One can therefore infer that the power to reduce blood glucose levels is not directly related to the frequencies used. On the other hand, there was a reduction in blood lactate concentrations in rats submitted to the EAC of 10-100 Hz in the T-30 timepoint, suggesting that the resultant hypoglycemia could be related to a greater conversion of lactate for energy production. Since the effect was not persistent (no difference between the levels of lactate at timepoint T60) it can be assumed that the effect of a single acupuncture session, regardless of frequency used, persists during the acupuncture session, ending at the end of the application. However, whereas blood glucose levels remained low after 60 minutes of the beginning of acupuncture that explanation could not be consistent with the results obtained in this study. EAc regulatory effects on glucose levels in hyperglycemic rats was demonstrated in this study. In Chang et al. 5 study, the rats had no ability to secrete insulin and the EAc hypoglycemic effects must have resulted from facilitating exogenous insulin activity or improving insulin sensitivity during insulin challenge test 5 . Some studies have demonstrated that insulin caused the release of the hepatic insulin-sensitizing substance (HISS) from the liver possibly through the activity of the hepatic parasympathetic nerves 17, 18 . The involvement of the parasympathetic nerves is also supported by other researchers 19 . However the definite mechanism of action of EAC in lowering glucose levels still needs further studies for better understanding.
Conclusions
Electroacupuncture (10 Hz) applied to St-36 and CV-12 acupoints decreases glycemia and lactacedemia and liver and kidney lactate concentrations. The decrease in lactate levels may be related to greater energy production due to enhanced lactate to pyruvate conversion. Higher frequency (100 Hz) failed to promote the same effect.
